Abstract -With an Optical feedback interferometry (OFI), a improved resolution up to A/4 by a misalignment of the self-mixing signal (SMS) can be observed and employed to reflector with C>1 and a mirror as a target. Bosch et al. [7] determine parameters of the semiconductor laser and developed an algorithm based on the interpretation of the metrological quantities of an object. In the cases of the interfringe and of the fractional fringe to linearize the By properly sampling the SM signal studied, based on which general laws for laser phase change synchronously with the dither, the resolution is increased with respect to external target movement is extracted.
measurement of the movement trace of an external target, measured displacements with a rough target. In [8, 9] , a fast phase unwrapping of the SMS must be performed, which .
X . ' p remains a challenging issue. We report a technique for moan of the interferometer phase was generated by achieving phase unwrapping of the SMS signals as follows. means of LD current modulation, resulting in the LD Firstly, the behaviour of the phase equation of the OFI is wavelength shift A/. By properly sampling the SM signal studied, based on which general laws for laser phase change synchronously with the dither, the resolution is increased with respect to external target movement is extracted.
to ,1 0.
Secondly, the correlation between the laser phase change and SMS signal is studied. Finally phase unwrapping algorithm is The present work starts from analysis of the developed based on the relationship. In order to make sure that mathematical model of the OFSM system. The target the proposed approach works well in the cases of noisy SMS displacement (or target movement track) is computed from data, pre-processing algorithms are also discussed. The the model with the aid of a novel phase unwrapping proposed techniques have been tested by both computer technique. As is well known, the phase unwrapping in simulation and experimental data which show that excellent optical interferometry is complicated by the unavoidable agreement can be achieved and the movement trace of the noise during the data acquisition process. Our strategy is to external target can be retrieved.
remove the noise by means of neural network curve fitting technique before performing phase unwrapping. The rest of I INTRODUCTION the paper is organized as follows: Section II gives the The optical feedback self-mixing (OFSM) phenomenon has background theory for OFSM system. The noise filtering and been studied extensively in the past two decades and has phase unwrapping method is proposed in Section III. Section seen its applications in the measurement of the metrological IV and V presents the simulation and experimental result quantities such as vibration, displacement and velocity of a respectively. The conclusion is given in Section VI. moving object [1] [2] [3] [4] . OFSM occurs when a small portion of the laser beam emitted from a semiconductor laser (SL) is II BACKGROUND THEORY reflected or backscattered by an external target and re-enters The widely accepted theoretical model for the OFSM system the laser cavity, resulting in variance of the lasing field in is known as Lang-Kobayashi equations [10] , taking the terms of both frequency and amplitude. Therefore, by intentionally imposing movement to the target and picking forms as follows: up the laser intensity fluctuations with a photodiode at the (t)= io(t)-C sin[bf(t)+arctan(a)]
(1) rear of the SL, the metrological quantities regarding the
(2) external target as well as the parameters of the SL can be measured [3, 5] . characteristics of the signal and the noise removal2 performance. More filter points will yield smoother signal -| 0 0X waveform which translates into lost signal property. Less eX eoslo a e o filter points by contrast is capable of maintaining the signal X >* X characteristics with sacrifice of the noise removal _=__B___i_ ,_'___ , b) performance. The empirical filter length is five in our case.6s 611 Whereas in most circumstances the resulting waveform is far !<f//N\.3 0 from satisfaction that can be used to perform unwrapping ;eXswg1lO10lS2 due to the complex nature of the noises. Recent development If we assume f = 20 Hz, Lo/IAO = 20000 and AL/IAO =2, the self-mixing signal can be generated using (1)- (3) and (6) V EXPERIMENT RESULTS with C = 0.8, a = 4 for weak feedback and C = 3, a = 4 for In the OFSM experimental setup, the SL is biased with a moderate feedback. A small white noise is also added with dc current. A metal plate is used as the target, which is made signal-to-noise ratio (SNR) of 20 dB to emulate the practical to vibrate harmonically by placing it close to a loudspeaker situation as shown in Fig. 2 . The curve fitted waveforms are driven by a sinusoidal signal. The SMS is detected by the plotted in Fig. 3 . In order to evaluate the accuracy of our monitor photodiode (PD) and is amplified by a transmethod, we compare the reconstructed moving track with its impedance amplifier, as shown in Fig. 5 [5]. real counterpart and the error is plotted in Fig. 4 respectively. It can be found that the random noise present in the moderate feedback SMS is still significant. Fig. 7-c 1996.
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